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I, L Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PGR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gcao expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries xised in the geiie expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in nonnal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to ii^dicate the anioimt of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal coimterpart. Becaxise this technique relies on the visual detection of ethidium 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate betv^een nonnal and tumor. Additional studies can then be conducted if furttier 
informatioh is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or beUef are believed to be true, and further ttiat these 
statements were made with the knowledge that willful false statements and the like so made aie 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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J. Christopher Grhnaldi 

1434-36*^ Ave. 

San Frandsco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION Univeisity of California, Bwkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and manage tbe Cloning Lab. Currendy focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tbmor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes dirough the Curagen project, a unique differential display methodology. 
Interacted extensively wilii the Legal team providing essential data needed for filing patents on 
novel genes discovered tfirough the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies tiiat have proven to be 
essential for die isolation of hundreds of novel genes for the SPDI. TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple ppeseets aimed at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a mefliod for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic dkection in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical.staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 -7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented tiie safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 



SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89, 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5; 14), t(l 1 ; 14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growtii factors involved in the t(5;14) 
translocation in leukemia patients.. 



Research 

Technician Berlex Biosciences, Soutfi San Francisco; 7/85-2/87. 

Worked on a subunit porcme vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening wiUi degenerate oligonucleotides, and 
characterizing and expressing clones m B. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary F. Clark, et al. "The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and TVansmembrane Proteins: a bioinformatics 
assessment" Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chui* Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman'^BFIT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical ' 
Journal. Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SB. Dogger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD. , Devaux B, Crowley 
CW, SchwallRH. Eberhard DA,Rastelli L, PoIakis.P, and Rennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet B. Bryant, Gordon Vehar. 
Jill Schoenfeld, J. Christopher Grimaldi (incorrectiy named as "Grimaldi, Cr), Franklin 
Peale, Apama Draksharapu, David A, Lewm, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156f6). 
1887-1900,2000. 

5. Grimaldi JC, Yu ISfX. Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Feriin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice tiirough the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; VoL 65(6), 846-53, 1999 

6. Oliver AM, Grimaldi JC. Howard MC. Kearney JF. "Independently ligating CD38 and Fc 
g^^aRHB relays a dominant negative signal to B cells/* Hybridoma VoL 18(2), 1 13-9. 
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7. Cockayne DA, Muchamuel T, Grimaldi JC, MuUer-Steffiier H, Randall TD, Lund FE, 
Murray R, Schuber F, Howard MC. *Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses." Blood VoL 
92(4), 1324-33. 1998 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher 
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling throu^ murine CD38 is impaired in antigen receptor unresponsive B 
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnilc, M, V. Wiles, J. C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, VoL 121(10), 3335-3346, 1995 

10. J. Christopher Grimaldi, Sriram Balasijbramanian, J. Fejnandp Bazan, Armen Shanafelt, 
Gerard Zurawski and Maureen Howard. "CD38-mediatedproteiirribosylation." Journal of 
Immunology,VoL 155(2). 811-817, 1995 

1 1. Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W, Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M, E, Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 mduced signal transduction." Litemational Immunology, Vol 7(2). 163-170, 1995 

12. FrancesXund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An inamunoregulatory ectoenzyme." Immunology Today, Vol: 
16(10), 469-473, 1995 

13. Maureen Howard, J, Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund. Leopoldo 
Santos-Argumedo, R. M. E, Parkhouse, Timothy F. Walseth, and Hon Cheung Lee. 
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science,VoL262, 1056-1059, 1993 

14. Nobuyukijaarada, Leopoldo,Santos-Argumedo, Ray Chang, J. Christopher Grimaldi, Frances 
Lund, Camilynn I. Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E. 
Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine 
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol. 
151.3111-3118,1993 

15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J. 
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 
Howard. Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of 
Bruton's Tyrosine Kinase in Lnmunodeficient XID Mice," Science, Vol. 261, 358-360, 1993 

16. J. Christopher Grimaldi, Raul Toires. Christine A. Kozak, Ray Chang, Edward Clark, 
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping 
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992 

17. Timothy C. Meeker, Bruce Shuramizu, Lawrence Kaplan, Brian Hemdier, Henry Sanchez, J. 
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum and 
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18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 
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Abstract 

In an cffiDit to identic novel genes relevant to tumor anglogenesis, we compared tlie genes expressed in a matched pair composed of 
vascularized toreast tumor and its adjacent nomial tissue obtained from the same cancer patient. Using differential display, we identified a 
cDNA fragment that was reproducibly upregulated in vascularized breast tumor. Up-regulation of this gene fragment in vascularized breast 
tumor was further verified by semi-quantitative PGR on the same RNA pair using gene-specific primers. The cDNA encoding the full-length 
ORF of that gene was then cloned by both 3' and 5' RACE. Sequence analysis showed that this gene encodes an ORF of 1353 bp having a 
hydrophobic N-tcrrainal signal sequence and a cleavage site. We named this novel gene BNF-1 (breast tumor novel factor I). The mature 
protein of this gene contains cysteine-rich repeats that are a specific feature of several extracellular matrix proteins including 
thrombospondin-1. thrombospondin-2, pro-collagen type 1, and von Willebrand Factor i. PGR analysis of BNF-1 expression in a variety of 
human adult normal tissues revealed that BNF-1 is expressed predominantly In liver, heart, prostate, testis, and ovary. To further study the 
expression pattern of this novel gene in tumor tissues, we extended our analysis to additional matched pairs of tumor tissues obtained from 
breast, lung, and colon cancer patients. We show here that BNF-1 is over-expressed not only in breast tumors but abso in lung and colon 
tumors. 

© 2003 Elsevier Science B.V. All rights reserved. 

Keywords: Breast cancer; Lung cancer; Colon cancer, Angiogencsis; Cysieinc-rich repeats 



1. Introduction 

The most frequent cause of death in cancer patients 
results from the metastasis of tumor cells. Many studies 
have demonstrated that the progression of a tumor and its 
ability to metastasize are closely associated with the process 
of tumor angiogenesis (Folkman. 1995). The process of 
tumor angiogenesis consists of several sequential and 
interdependent steps that include the degradation of 
sunounding basement membrane as well as endothelial 
cell prolifemtion and migration. Although much has been 
learned about tumor angiogenesis in the past several years, 



Abbreviations: aa, amino acid(s); bp» base pair(s); cDNA, 
complementoiy DNA; kb, kilobase(s) or 1000 bp; nt, nucleotide(s); 
mRNA, messenger RNA; MW, molecular weight; NCI, National Cancer 
Institute (USA): ORF. open reading frame; PCR, polymenae chain 
reaction; KACh, rapid amplification of cDNA end(s). 
* Corresponding author. 

E-tnail address: marsha.moses® lch.harvafd.edu (RA. Mo.<ies). 



the molecular events or cascades underlying tumor 
angiogenesis still remain unclear (Klagsburn and Moses, 
1999). 

Several studies have suggested that tumor angiogenesis, 
similar to tumor progression, generally involves altered 
gene expression m tumor tissues (Black et al., 2001; 
Benezra, 2001). To elucidate the molecular mechanisms 
underlying tumor angiogenesis. it is crucial to identify the 
molecules involved in the angiogenic process and to 
examine the relationships between them, 

A pair of matched vascularized breast tumor and its 
adjacent normal tissue was obtained from Cooperative 
Cancer Tissue Registry (National Cancer Institute; 
Washington DC, USA). mRNAs purified from these tumors 
were used to construct 1st strand cDNA. Differential 
displays were then used to identify genes diff^entially 
expressed in vascularized breast tumor. 

In this study, we report the identification and cDNA 
cloning of a novel gene* termed BNP-1, that encodes a 
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putative extracellular matrix protein. Sequence analysis 
revealed that BNF-1 contains a repeated cysteine-rich motif, 
a special feature of several extracellular matrix proteins, 
such as thrombospondin-1 (Amagasaki et al, 2001), 
thrombospondin-2 (Laherty et ai., 1992), pro-collagen 
type 1 (Myers et al., 1981), and Von Willebrand Factor-1 
(Sadler et al., 1985). Using semi-quantitative PGR. we 
showed that BNF-1 is expressed predominantly in adult 
normal tissues of heart, liver, prostate, testis, and ovary. In 
addition, the up-regulation of BNF-1 was detected not only 
in breast tumor tissues, but also in lung and colon tumor 
tissues. 



2. Materials and method 

A matched pair of breast tumor and its adjacent normal 
tissue was obtained from Cooperative Cancer Tissue 
Registry. RNA purification was conducted following 
standard protocols (Sambrook et al., 1989). In addition, 
several pairs of RNAs or cDNA obtained from matched 
breast, lung, and colon timior/normal tissues were purchased 
from both Ambion Inc. (Austin, TX, USA), and Clontech 
(Palo Alto, CA. USA). 

2.2. Differential display 

In this study, differential display was perfonned as 
previously described (Wu and Moses, 2001). Briefly, 
mRNA was purified from both breast tumor and its adjacent 
normal tissue which were obtained from Cooperative 
Cancer Tissue Registry. The 1st strand cDNA was 
constructed using oligonucleotides 15 mers, 
TTTTTTTTTTTTTTT. PGR amplifications were then 
carried out by using arbitrary oligonucleotides 10 mers. 
The PGR band that was determmed to be amplified from 
differentially expressed cDNA was excised from the gel. 
cDNA was then extracted from the excised piece of gel and 
used as template for PGR using the same arbitrary primer. 
The reamplified DNA was subcloned into pCR 11 (Invitro- 
gen, Carlsbad, CA, USA) and sequenced using an UBI 373 
sequencer (Applied Biosystem, San Jose, GA, USA). 

23. Molecular cloning of a cDNA encoding the full-length 
ORFofBNF'J 

The BNF-1 cDNA fragment obtained from dififeiential 
display was subcloned into the pCRII vector using the TA 
cloning system (Invitrogen). The differential expression was 
confirmed by semi-quantitative PCR according to the 
protocol described previously (Wu and Moses, 1998, 
2001) usmg a pan of gene specific primers (forward 5'- 
GTGCTGAAGGAGAAACATAAGAAAG-3' and back- 
ward 5'-GATCGTCACAOGTGCATAGGATGCAG-3') 



fxom the same RNA sample used for differential display. 
The full-length cDNA of BNF-1 was cloned by both 3' and 
5' RACE as reported earlier (Wu and Moses, 1 996, 1998) . 3' 
RACE reactions were made with sense primers 5'- 
GAGAAAGATAAGAAAGGCTGTGTGCATG-3' and 
nested sense primers S'-CACAGTGAGATGAGTTCTAG- 
GAGGTGTC-3'. 5' RACE reactions were made with 
antisense primer 5'-CTTGGGACACCTGGTAGAACT- 
GATCAC-3' and nested antisense primer 5'- 
GAAATCTTGCAGCACTTCCCAGCCAG-3'. pCR II 
(Invitrogen) was used for cloning and sequencing reactions. 
Both the forward and the reverse strands of the cDNA were 
sequenced to determine the complete cDNA sequence. 

2.4, DNA sequencing and analysis 

DNA sequencing was conducted using a fluorescence- 
labeled automatic sequencing apparatus. Model 373 DNA 
sequencer. Sequence analyses of the nucleotide and protein 
sequences were performed using the Wisconsin Genetic 
Control Group program package (Genetics Control Group. 
Madison, WI, USA). 

2.5, Expression ofBNF-l in human tissues 

Tissue-specific expression of BNF-1 was characterized 
by semi-quantitative PCR according to the protocol 
described previously (Wu and Moses, 1998, 2001). PCR 
amplification of first-strand cDNA was performed with 
gene-specific primers (forward 5'-CAGGATCCAT0TTC- 
CAGTGATGGTG-3' and backward S'-CTTCAGGAC- 
OATCTTGACAGTTGTO-3') on a normalized human 
Multiple Tissue cDNA panel (Clontech). 

2.6, Tumor tissue expression pattern ofBNF^l 

cDNAs from several tumor tissues were constructed or 
obtained from Commercial Companies (Ambion and 
Clontech). cDNAs were normalized to ribosome binding 
protein-9. Semi-quantitative PCR were conducted accord- 
ing to the protocol described previously (Wu and Moses, 
1998, 2001). The primer pair used was the forward 
primer S'-CAGGATGCATGTrCCAGTGATGCTG-S' and 
the backward primer 5^-GTTGAGGACGATGTTGA- 
CAGTTGTG-3'. 



3. Results 

As the first step in identifying novel genes whose 
expression might correlate with the development of tumor 
angiogenesis, we compared the repertoire of genes 
expressed by the vascularized breast tumor tissue and its 
adjacent normal tissue obtained from the same patient. Total 
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RNAs were purified fiom frozen tumor and normal tissues, 
which were treated with DNase I. followed by the 
construction of the 1st strand cDNA. Using differential 
display, we conducted hundreds of reactions using distinct 
primen agamst these two tissue types. Among these PGR 
amplifications, using an arbitrary primer DDCAl (5'- 
CATGTTCCAQ-3'), we identified a cDNA fragment that 
appeared to be expressed only in vascularized tumor tissue 
as compared to its adjacent nonnal tissue (Fig. lA). The 
reaction showing a differentially expressed band was 
repeated twice to ensure reproducibility. This differential 
display 'band' was purified, reamplified, and cloned into 
pCR n vector, which was then secjuenced* Setjuencing 
analysis of the cDNA fragment revealed it to be 337-bp in 
length with no similarity to any of die sequences in the 
published nucleotide database. The specific expression 
pattern of the cDNA fragment was furbier confirmed by 
semi-^iuantitative RT-PCR usmg gene-specific primers and 
the RNAs previously used for differential display (Fig. IB), 
To obtain a cDNA encodmg the full-length ORF of BNF-1, 
both 5' and 3'-RACE were carried out following a protocol 
used previously (Wu and Moses. 1996. 1998). The longest 
cDNA fragment obtained by both 5' and 3'-RACE was then 
cloned and sequenced. 

i.2. Sequence analysis of BNF-1 

Sequence analysis of the longest cDNA fragment reveals 
that it contains a single open reading frame of 1353 bp 
which encodes a polypeptide of 451 amino acid residues, 
wifli the first ATG lying in a favorable context for initiation 
of transcription and translation (AGGATO) (Fig. 2A). This 
novel gene is named BNF-1. Hydropathy analysis using 





Fig, 1. Identiflcadon of a differentially expressed BNF-I gene fragment in 
vascularized breast tumor time and its adjacent normal tissue, (A) 
Differentia] display PCR using a random primer described in material and 
method. The anrow indicates die BNF-1 gene fragment up^regulated in 
vascularized bieast tomor tissue, (B) Confirmation of differential display- 
PCR by semi-quantitative PCR using the BNF-1 gene specific primer set 
The exprwsion of ribosome protein S9 was analyzed as a normal control 



PSORT II (Nakai and Kanehisa, 1992) and SignalP 
(Nealsen et al., 1999) showed a single hydrophobic 
segment, in the amino teiminus, comprising the 25 amino 
acid residues, followed by a signal peptide cleavage site. 
The presence of a signal peptide and flie lack of a possible 
transmembrane segment suggest that BNF-1 encodes a 
secreted protein. Mature BNF-1 has a predicted molecular 
weight of 49,600 Da (MW 49,6 K). 

Sequence homology searches of all available databases 
revealed no significant homology to known genes. How- 
ever, sequence analysis using Vector NT! Suite (Ihfomax, 
Bethesda, MD, USA) revealed (hat BNF-1 contains diree 
cysteine-rich repeats (Fig, 2A). Each repeat contains nine 
cysteine residues at conserved positions. (Fig. 2B). 

When the cysteine-rich repeats were used to search the 
BLAST network data base, it was found that the similar 
cysteine-rich repeats were present in several extracellular 
matrix proteins, mcluding thrombospondin 1, thrombos- 
pondin 2, procollagen type 1 and von Willebrand factor 1 
(Pig. 2B). The conservation is restricted primarily to the 
spacing of cysteine-residues. 

3 J, BNF'l expression in normal adult tissues 

In order to determine the tissue expression pattern of 
BNF- 1 , we obtained a cDNA panel that contains normalized 
cDNA constructed from mRNA purified from 16 distinct 
human adult normal tissues. Semi-quantitative PCR ampli- 
fications were then conducted using a set of gene-specific 
primers and the cDNA panel as template. The result has 
shown diat BNF-1 has a vety specific expression pattern 
(Fig. 3). It is moderately expressed in heart, liver, prostate, 
testis, and ovary. Low-levels expression was detected in 
skeletal muscle, kidney, spleen, small intestine, and colon. 
However, BNF-1 was not detected in bram, placenta, lung, 
pancreas, thymus, and peripheral blood leukocytes. Hiis 
specific pattern of expression suggests that the function of 
BNF-1 in normal tissues might be tissue-type related. 

3.4. Expression pattern ofBNF-l in breast, colon, and lung 
tumor tuisues 

We next examined whether BNF- 1 was upregulated in 
other tumor tissues, in addition to the matched pair of breast 
tumor/normal tissue provided by NCL We obtained or 
constructed pairs of cDNA from closely matched breast, 
colon, and limg tumor/normal tissues, in which each pair of 
tissues was obtained from the same patient. Semi-quanti- 
tative PCR amplifications were flien conducted as described 
earlier. Among the ten pairs of breast tumor/normal 
samples, BNF-1 was shown to be up regulated about 2- to 
3-fold in two tumor tissues as shown in Fig. 4A. Taken 
together, BNF-1 was detected to be up regulated in 
approxunately 27% (3/11) of breast mmor tissues obtained 
by us, mcluding the original sample. 

BNF-1 was also found to be over-expressed in hmg 
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Fig. 2. (A) Complete protein coding sequence of human BNF-1. The N-tenninal hydrophobic leader sequence is iiaHdzcd. The cysieine^ch repeals are 
underlined. OenBankaccessdon numberis AY163868. (B) Amino acidalignment of the cysteinfr-rich repeats of BNF-1 with those in human thrombospondin^. 
th»mbospGndin-2. pro-collagen type I, and von Willcbrand Factor I. 
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% 3. B^ktession of BNF-1 mRNA in human normal tissues. Semi- 
quandtattve fCR was pefformed on human muldple^ssue cDNA panels 
(Clontech) from the in(Ucated adult dssues. The expression of ribosome 
protein S9 was analyzed as a normal control using a commercial primer kit 
(dontech). 

tamors vs» their adjacent noimal tissues. These results have 
shown that approximately 2- to 3-fold up-regulation of 
BNP-1 expression in about 30% (2/6) of lung tumor tissues 
obtained CPlg. 4B). 

The levels of BNF-1 expression in RNAs isolated from 
six colon tumors and dieir matched normal tissues were also 
assessed by semi-quantitative PGR. The level of BNF-1 was 
up-regulated approximately 2- to 4-fold m about 16% (1/6) 
of the tumor tissues examined compared with normal 
adjacent nomial colon tissues (Fig. 4C)* 

Interestingly, we observed the up-regulation of BNF-1 
not only in breast cancer patients, but also in lung and colon 
cancer patients, which suggests diat the over-expression of 
BNF-1 is independent of specific tumor type. However, the 
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Fig. 4. Expression of BNF-t mRNA in (A) breast noimal/tumor tissues, (B) 
lung nonnal/Uimor tissues, and (Q colon normal/tumof tissues. Semi- 
quantitative PCR wa.<) performed on cDNA pdrs constiucted fmm closely 
matched normal/tumor tissues. The expression of ribosome protein S9 was 
analyzed as a nonnal control using a commercial primer kit (Gontech). 



pathological information provided by commercial compa- 
nies for these tumor RNAs and cDNAs does not mclude the 
vascularized state of the tumor tissues. Therefore, the 
relationship between the up-regulation of BNF-1 in tumor 
tissues and tumor vascularization is not determined in this 
study. 



4. Discussion 

In this study, we have cloned a novel gene, BNF-1, 
whose cDNA fragment was originally Identified as being 
differentially expressed in matched tumor/normal tissue 
from a breast cancer patient. Sequence analysis of the full- 
length ORF of BNF-1 revealed that BNF-1 contams a 
N-terminu8 signal peptide followed by a cleavage site. The 
mature protein of BNF-1 lacks a putative transmembrane 
domain, which suggests (hat BNF-l encodes a secreted 
protein. In addition, protein sequence analysis revealed that 
mature BNF-1 contains cysteine-rich repeats, a specific 
feature of several other extracellular matrix proteins 
including thrombospondin-1, tfirombospondin-2, pro-col- 
lagen type 1, and von Willebrand Factor 1. Taken together, 
these data suggest that BNP-1 may encode a putative 
extracellular matrix protein* Evidence is provided in this 
report that BNF-1 has a specific expression pattern in adult 
normal tissues. Moderate expression of BNF- 1 was detected 
only in heart and liver, as well as some hormone-dependent 
tissues, such as ovary, testis, and prostate. This specific 
pattern of expression suggests that the function of BNF-1 in 
normal tissues might be tissue-type related. 

To further confirm the expression pattern of BNF-1 in 
different types of tumor tissues, we extended oiu- analysis to 
ten additional breast patients, six additional lung cancer 
padents, and six additional colon patients. In this study, we 
chose to use tumor tissues, instead of cancer cell lines, since 
reports in the literature demonstrate the loss of tumor 
markers associated with contmuous tissue culture of some 
cancer cell lines (Luyten et al., 1996; Mira-y-Lopez and 
Ossowski, 1990). However, the use of tumor tissues 
obtained from breast, lung, and colon cancer patients is 
not without issue. For example, it is a well-recognized 
phenomenon that tissue heterogeneity is common among 
solid tiunor tissues (Vescio et al, 1990). Interestingly, we 
observed the up-regulation of BNF-1 not only in breast 
cancer patients, but also in lung and colon cancer patients, 
which suggests that the over-expression of BNF-1 is 
independent of specific tumor type. In this study, the 
frequency of upregulation of BNF-1 varied among breast, 
lung, and colon tumors. It was, despite the limited sample 
size, consistent with ttiat reported for some oncogenes in 
solid tumors. For example, it has been reported that 
oncogene N-NfYC was amplified in about 6-7% of small 
cell hmg tumors, and oncogene L-MYC was amplified in 
about 13% small cell lung tumors (Nauet al., 1985). The 
clinical information provided for these commercially 
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available tumor RNAs and cDNA does not include the 
vascular status of the tumor tissues, therefore the relation- 
ship between the up-regulation of BNl^-l in tumor tissue and 
tumor vascularization remains unclear. 

In conclusion^ we have isolated a full-length novel 
himan geae, BNF-1, whose cDNA fragment was originally 
idratified as being differentially expressed in matched 
tumor/nomal tissue from a breast cancer patient* Sequence 
analysis revealed that BNF-1 contains a N-terminus signal 
peptide. In addition, protein sequence analysis revealed that 
mature BNF-1 contains cysteine-rich repeats, a specific 
feature of several other extracellular matrix proteins. In the 
adult normal tissues, BNP-1 has a specific expression 
pattern in which it is expressed at relatively moderate levels 
in heart, liver, prostate, testis, and ovary. It is of interest that 
BNF-1 was not only up-regulated in breast tumors, but also 
in lung and colon tumors. 
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